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SLOWLY OSCILLATING SOLUTION OF THE CUBIC HEAT
EQUATION
FERNANDO CORTEZ
Abstract. In this paper, we are considering the Cauchy problem of the nonlinear heat
equation ut − ∆u = u
3, u(0, x) = u0. After extending Y. Meyer’s result establishing
the existence of global solutions, under a smallness condition of the initial data in the
homogeneous Besov spaces B˙−σ,∞p (R
3), where 3 < p < 9 and σ = 1− 3/p, we prove that
initial data u0 ∈ S(R
3), arbitrarily small in B˙
−2/3,∞
9 (R
3), can produce solutions that
explode in finite time. In addition, the blowup may occur after an arbitrarily short time.
1. Introduction
A well-studied evolution equation is ∂tu = ∆φ(u)+ f(u), for various choices of φ and f
(see [1,9,10,14,15,19,34]). An extensive bibliography exists for the particular case, when
φ(u) = u and f(u) = |u|α u, where α > 0. Then, we have the following Cauchy problem:
(1.1)
{
∂tu = ∆u+ |u|α u x ∈ Rn t ∈ [0, T ]
u(0, x) = u0(x),
where 0 < T ≤ ∞, α > 0 and u : R+ × Rn −→ R a real function.
The Duhamel formulation of (1.1) reads
(1.2) u(t) = et∆u0(x) +
∫ t
0
e(t−τ)∆ |u|α u(τ) dτ,
where, et∆ (t ≥ 0) denotes the heat semigroup. We have et∆f = Gt ∗ f , where
Gt(x) =
1√
4πt
e−
|x|2
4t .
By standard results, Cauchy problem (1.1) is well-posed in many Banach spaces. In
particular, thanks to the work of F. Weissler, H. Brezis and T. Cazenave [5, 33, 34], we
know the following statements.
• When p > nα2 , p ≥ α+1, there exists a constant T = T (u0) and a unique solution
u(t) ∈ C([0, T ], Lp(Rn)). Also u(t) ∈ L∞loc(]0, T [, L∞).
• When p = nα2 = p0, p ≥ α + 1, there exists a constant T = T (u0) and a unique
solution u(t) ∈ C([0, T ], Lp0(Rn)) ∩ L∞loc(]0, T [, L∞).
• When α + 1 < p < nα2 , there is no general theory of existence. Besides, A.
Haraux and F. Weissler [17] showed that there is a solution belonging to the space
C([0, T ], Lp(Rn)) ∩ L∞loc(]0, T [, L∞), positive, arising from the initial data 0, thus
there is no uniqueness.
We will be interested in the issues of the blowup in finite time and of the global existence
of the solutions. The first works related to these kinds of questions are due to Hiroshi
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Fujita in 1966. Fujita has shown that for the positive solutions of (1.1), if the initial data
u0 is of class C
2(Rn) with its derivatives of order 0, 1 and 2 bounded on Rn, then we have
the following necessary condition for that u to be unique in C0(Rn × [0, T )) :
∃ M > 0, ∃ 0 < β < 2 : ∀x ∈ Rn |u0(x)| ≤M e|x|β .
This means that u0 should not grow too fast (see [11,12]).
In regards to the question of the existence of regular global solutions under small initial
data assumptions, Fujita concluded that there are two types of situations: if α < 2n , then
no nontrivial positive solution of this problem which can be global (Fujita phenomenon),
while for α > 2n , there are global non-trivial solutions in positive small initial data as-
sumptions. Years later, K. Hayakawa [18] and F. Weissler [33, 34] completed the study
Fujita demonstrating that the Fujita critical exponent α = 2n verifies The Fujita phenom-
enon. On the other hand, in the case of a homogeneous Dirichlet condition in an exterior
smooth domain Ω, Bandle et Levine studied the classical positive solutions which satisfy
the following condition on the order of growth:
∀k > 0, |u(x, t)| e−k|x| → 0 and |∇u(x, t)| e−k|x| → 0 when |x| → 0.
Equivalently to the previous problem, Bandle and Levine showed similar results to those
of Fujita with Dirichlet boundary conditions for the problem (1.1) (see [2, 3]). It was not
long before the Fujita critical case was resolved by Ryuichi Suzuki [28]. He proved that
the Fujita critical exponent α = 2n verifies The Fujita phenomenon, when n ≥ 3.
H. Levine and Q. Zhang addressed the same problems in the case of Neumann boundary
conditions (see [22]). They considered an initial condition u0in C
2(Ω) and weak solutions in
the sense of distributions with the test space C2(Ω) which are not subject to any restriction
on the growth order. They showed similar results to those of Fujita and that for the Fujita
critical exponent α = 2n , the solution verifies The Fujita phenomenon. Similar results with
Robin boundary conditions has been shown by Rault in [26].
To motivate our results, we introduce the concept of a scale-invariant space. Let λ > 0,
then we define
uλ(t, x) = λ
2
αu(λ2t, λx) and u0,λ(x) = λ
2
αu0(λx).(1.3)
For every solution u(t, x) of (1.1), uλ(t, x) is also a solution of (1.1) for which the initial
condition is u0,λ(x). In this case we say that a Banach space E is scale-invariant space, if
‖u(t, ·)‖E = ‖uλ(t, ·)‖E .(1.4)
The spaces which are invariant under such a scaling are called invariant spaces for this
class of non-linear heat equation. It is known that the scale-invariant space plays an
essential role in questions like: well-posedness, global existence or blow-up of the solution.
The critical Lebesgue is Lp0(Rn), with p0 =
nα
2 . Notice that p0 ≥ 1 if and only if α is
larger or equal to the Fujita critical exponent.
The purpose of the present paper is to study the borderline cases of explosion and global
existence for solutions of a particular case of (1.1), in a scale-invariant Banach space.
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Actually, we consider the cubic heat equation{
∂tu = ∆u+ u
3 x ∈ R3 t ∈ [0, T ]
u(0, x) = u0(x),
(1.5)
where 0 < T ≤ ∞, where u = u(x, t) is a real value function of (x, t), x ∈ R3 and t ≥ 0.
One rewrites Equation (1.5) in the equivalent Duhamel formulation
u(t, x) = u(t) = et∆u0(x) +
∫ t
0
e(t−τ)∆u3(τ, x) dτ.(1.6)
The following proposition shows the equivalence between differential (1.5) and integral
formulation (1.6).
Proposition 1.1. Let u ∈ L3([0, T ], L3loc(R3)). Then the following statements are equiv-
alent
(1) u satisfies ∂tu = ∆u+ u
3 in the sense of distributions;
(2) there exists u0 ∈ S ′ such that u(t) = et∆u0 +
∫ t
0 e
(t−τ)∆u3(τ) dτ .
Remark 1.1. The last proposition shows that if the initial data u0 ∈ L3loc(R3), then a
classical solution of (1.5) is equivalent in the sense of distributions to a mild solution of
(1.5) with the initial data u0. In the following, we always talk about the existence of a
mild solution of (1.5).
In the case of equation (1.5) the only Lebesgue space invariant under this scaling (1.3)
is L3(R3). Other examples of invariant spaces for (1.5) that will play an important role
later on are:
H˙
1
2 →֒ L3 →֒ B˙−1+3/p,∞p →֒ B˙−1,∞∞ , for 3 < p <∞.(1.7)
Problem (1.5) shares some similarities with the incompressible Navier-Stokes equation.
Recall that the Cauchy problem of the incompressible Navier-Stokes equation in R3×R+
is
(1.8)

∂tu+ u · ∇u−∆u = −∇p x ∈ R3 t > 0,
div u = 0, x ∈ R3,
u(x, 0) = u0(x) x ∈ R3,
where u = u(t, x) is a vector with 3 components representing the velocity of an incom-
pressible fluid and p(t, x) is a function representing the pressure. Similarly to the equation
(1.5), we can rewrite the system (1.8) in the following integral form
(NS) u(t, x) = u(t) = et∆u0 +
∫ t
0
e(t−τ)∆P div(u⊗ u)(s) ds,
where, div u0 = 0, e
t∆ is the heat semigroup, and P is the Leray-Hopf projection operator
into divergence free vector, defined by
Pf = f −∇∆−1(div f).
We can see that in the integral formula for the incompressible Navier-Stokes equation the
term pressure p(x, t) is gone. Indeed, the pressure can be recalculated from the velocity
field u(x, t) (see [32]).
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The equation (NS) has exactly the same scaling law that equation (1.6). For both equa-
tions, it is possible to establish the global existence of solutions in certain homogeneous
Besov spaces with small initial conditions(see [23]), and the uniqueness of them in a
suitable subspace of Ct(L
3(R3)), where these solutions are built. A number of methods
developed to this equation (as those described in the book [6]) can be transposed to the
case of equation (1.6). Of course, in other cases, the results for the Navier-Stokes equa-
tions do not easily fit into the equation of the cubic heat (1.5).
This paper is organized as follows. In the next section we start by introducing the relevant
notations and function spaces, recalling a few basic results. In the Section 3 will give the
statements of our results. First an extension of a theorem by Meyer on the existence of
global solutions under small initial data assumptions. Next we state the main theorem
(3.2). In section 4 we give the proof of the Meyer theorem and some comments. In the
last section we prove main theorem and some comments.
2. Preliminaries
First, we set the precise mathematical framework for the study of the Cauchy problem
for the equation of the nonlinear heat (1.5). I
In the following theorem we called some of the results of [5, 33,34]
Theorem 2.1. [Weissler-Brezis-Cazenave [5, 33, 34]] Let u0 ∈ L3(R3). There exists a
constant T = T (u0) and a unique of (1.5) in C([0, T ], L
3(R3))∩L∞loc((0, T ], L∞(R3)), such
that
(i) u(t, x) is classical solution of the Cauchy problem (1.5) on (0,T],
(ii) sup
0<t<T
t
σ
2 ‖u(·, t)‖Lp < +∞,
(iii) lim
t→0
t
σ
2 ‖u(·, t)‖Lp = 0,
where 3 < p < 9 and σ = 1− 3p .
Remark 2.2. If in addition, we consider u0 ∈ L1(R3) ∩ L3(R3), the unique Weissler’s
solution u(t, x) arising from u0 verifies: u(t, ·) ∈ L1(R3) ∀t ∈ [0, T ]. This observation
readily follows from Weissler method and will be implicitly in some of our calculations,
for example when we use the Fourier transform of the solution.
Before stating our results, we define the inhomogeneous and homogeneous Besov spaces
which play an important role in our estimates. Recall the Littlewood-Paley decomposition.
Let ψ,ϕ ∈ S(R3) such that:
supp ϕ̂ ⊂ {|ξ| ≤ 5/6} and supp ψ̂ ⊂ {3/5 ≤ |ξ| ≤ 5/3} ψj = 2njψ(2jx), j ∈ Z
1 = ϕ̂(ξ) +
∞∑
j=0
ψ̂j(ξ) (ξ ∈ Rn)
1 =
∞∑
j=−∞
ψ̂j(ξ) (ξ ∈ Rn)
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where f̂ denotes the Fourier transform of f .
Definition 2.3. The inhomogeneous and homogeneous Besov spaces Bs,qp and B˙
s.q
p are
defined as follows (at least for s < 0, which will be our case):
B˙s.qp = {f ∈ S ′(R3); ‖f‖B˙s,qp <∞}, {f ∈ S
′(R3); ‖f‖B˙s,qp <∞},
‖f‖Bs,qp = ‖ϕ ∗ f ‖p +
 ∞∑
j=0
∥∥2jsψj ∗ f∥∥qp
1/q
‖f‖B˙s,qp =
 ∞∑
j=−∞
∥∥2jsψj ∗ f∥∥qp
1/q
for s ≤ 0 1 ≤ p, q ≤ ∞.
3. Quick overview of the main results
In this section, we will give the main result of the blow-up of the solution of (1.5). But
first, we will give an extension of Meyer theorem to the case of global solutions of the
nonlinear heat equation with a smallness assumption on the initial condition.
The general methodology that will be used throughout this section is to look for the
solutions u(t, x) belonging to the Banach space X = Cb([0,∞);Z), where Z is a suitable
functional Banach spaces.
The norm of u(·, t) in X = Cb([0,∞);Z) is denoted by ‖u‖X and defined as
‖u‖X = sup
t>0
‖u(·, t)‖Z .(3.1)
This norm will be called the natural norm. To prove our Theorem (3.1), we first assume
the existence and uniqueness of a local solution from initial data u0 and for this we need
the Weissler Theorem. If Z is simply L3(R3), the standard fixed point argument is not
valid in X . Weissler proposes to replace X by the Banach space Y ⊂ X consisting of all
functions such that
(3.2)

u(·, t) ∈ C([0,∞);L3(R3))
t
σ
2 u(·, t) ∈ C([0,∞);Lp(R3))
limt→0 t
σ
2 ‖u‖p = 0
limt→∞ t
σ
2 ‖u‖p = 0,
where 3 < p < 9 and σ = 1 − 3p . Three distinct norms will be used. As above, natural
norm is
‖u‖X = sup
t>0
‖u(·, t)‖3 .
The second norm is called the strong norm and is defined by
‖u‖∗ = ‖u‖X + sup
t>0
t
σ
2 ‖u(·, t)‖Lp .
The third norm is the weak norm that is defined by
‖u‖Y = sup
t>0
t
σ
2 ‖u(·, t)‖Lp .
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Then, we consider the linear space H of all solutions u(x, t), of the linear heat equation
∂u
∂t = ∆u. Then the previous three norms are equivalent on H.
The first problem is show to the global existence of the solution u(t, x) for (1.5) under a
condition of smallness on the initial data u0(x) in homogeneous Besov spaces B˙
−σ,∞
p (R3),
where 3 < p < 9 and σ = 1 − 3/p. Actually, our theorem is merely an extension of a
theorem of Meyer [23] who did this for p = 6, and it is based on a fixed-point theorem
adapted for our case and the fact that the integral
∫ t
0 (t− τ)−
3
p τ−
3σ
2 is finite for 3 < p < 9.
We will prove in section 4 the following theorem.
Theorem 3.1. Let 3 < p < 9 and let ‖·‖B˙−σ,∞p denote the norm in the homogeneous Besov
space B˙−σ,∞p (R3), with σ = 1− 3p . There exists a positive number η such that, if the initial
condition u0(x) satisfies u0(x) ∈ L3(R3) and ‖u0(x)‖B˙−σ,∞p ≤ η, then there exists a global
solution u(x, t) ∈ C([0,∞), L3(R3)) ∩ Y =: W to (1.5), where (Y. ‖·‖Y ) is the Banach
space such that
‖u‖Y = sup
t>0
t
σ
2 ‖u(·, t)‖Lp <∞
Because of the continuous embedding L3 ⊂ B˙−σ,∞p (see (1.7)), small data in L3(R3)
give rise to a global solution. The interesting feature of Theorem 3.1, however, is that the
B˙−σ,∞p -norm can be small even when L3-norm is large: this is typically the case of fast
oscillating data, see [6, 23].
Is it possible to further relax the smallness condition ‖u‖B˙−σ,∞p ≤ η for the global solvability
of (1.5)? Our main result, Theorem 3.2 below provides a negative answer in this direction.
Theorem 3.2. Let δ > 0. Then there exists u0 ∈ S(R3) such that the unique Weissler’s
solution u arising from u0 and belonging to C([0, T
∗], L3(R3))∩L∞loc(]0, T ∗], L∞(R3)) ver-
ifies T ∗ < δ. In addition, we can choose u0 in the following way: for all 3 ≤ q ≤ +∞,
‖u0‖
B˙
− 2
3
,q
9
≤ δ.
In particular, it follows that an initial data u0 ∈ S(R3) and and arbitrarily small in
B˙−1,∞∞ (R3) can produce solutions that explode in finite time. In the case of the incom-
pressible Navier-Stokes equation, a related result were obtained by Bourgain-Pavlovic [4]
and later by Yoneda [35]. Bourgain-Pavlovic proved that the incompressible Navier-Stokes
equation is ill-posed in the Besov space B˙−1,∞∞ showing an inflation phenomenon of the
norm of the solution from an initial condition u0. Yoneda has generalized this result to
the case of Besov spaces B˙−1,∞q with q > 2.
If we compare these results with our results for the equation (1.5), we can see that our
result for (1.5) is stronger, as it shows that an arbitrarily small initial data u0 can produce
a blow-up in short time of the solution, while the results of Bourgain, Pavlovic and Yoneda
only show that an arbitrarily small initial data u0 can produce arbitrarily large solutions
in short time.
Our demonstration is inspired to that of Mongomery-Smith [25], where he built initial data
such that there is no a reasonable solution to a toy model for the Navier-Stokes equation
in B˙−1,∞∞ .
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4. Proof of Theorem 3.1
For the proof of Theorem 3.1, we use a fixed point argument:
Lemma 4.1 (see [23]). Let (W, ‖·‖W) a Banach space and let
B :W ×W ×W →W,
a application trilinear such that
‖B(x, y, z)‖W ≤ C0 ‖x‖W ‖y‖W ‖z‖W .
If ‖x0‖W ≤ 23√3C
−1/2
0 , then the equation
x = x0 +B(x, x, x) x ∈ W,
has a unique solution which satisfies ‖x‖W ≤ 1√3C
−1/2
0 and this solution is the limit of the
sequence (xn)n∈N, defined by
xn+1 = x0 +B(xn, xn, xn),
and therefore the function defined as
Ψ(x0) = lim
n→+∞xn,
is analytic in the ball ‖x‖W ≤ 23√3C
−1/2
0 .
Proof. Theorem 3.1
We change (1.6) as
u(x, t) = e∆tu0(x) + Γ(u, u, u)(x, t)
where
Γ(u1, u2, u3)(x, t) =
∫ t
0
e(t−τ)∆u1u2u3(x, τ) dτ.(4.1)
Moreover, using the Young’s Inequality
‖Γ(u1, u2, u3)(·, t)‖Lp ≤
∫ t
0
‖Gt−τ (·)‖Lr ‖u1u2u3(·, τ)‖L p3 dτ,
where r = pp−2 .∫ t
0
‖Gt−τ (·)‖Lr ‖u1u2u3(·, τ)‖L p3 dτ = C
∫ t
0
(t− τ)− 3p ‖u1u2u3(·, τ)‖L p3 dτ
≤ C
∫ t
0
(t− τ)− 3p ‖u1(·, τ)‖Lp ‖u2(·, τ)‖Lp ‖u3(·, τ)‖Lp dτ
≤ C
∫ t
0
(t− τ)− 3p τ− 3σ2 dτ ‖u1‖Y ‖u2‖Y ‖u3‖Y .
As 3 < p < 9, the integral
∫ t
0 (t− τ)−
3
p τ−
3σ
2 dτ = Ct−σ/2. Thus, we get
‖Γ(u1, u2, u3)‖Y ≤ C ‖u1‖Y ‖u2‖Y ‖u3‖Y .
Also, in [23] we have
‖Γ(u1, u2, u3)‖3 ≤ C ‖u1‖Y ‖u2‖Y ‖u3‖Y ,
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and Γ(u1, u2, u3)(·, t) ∈ C([0,∞);L3(R3)). On the other hand, we know that the initial
data u0 belongs to B˙
−σ,∞
p (R3), if and only if
∥∥e∆tu0∥∥p ≤ c t−σ2 . Therefore, we choose
η = 2C
−1/2
3
√
3
and
‖u0‖B˙−σ,∞p ≤
2C−1/2
3
√
3
= η,(4.2)
which allow us to apply η Lemma 4.1 in W we can conclude. 
Remark 4.2. If we consider u0 as Theorem 3.1 and û0(ξ) positive, then u(x, t) solution of
(1.5) has its positive Fourier transform. Indeed, suppose for a contradiction that there is
t such that û(ξ, t) changes sign. By Theorem 2.1, we know that there is T (u0) > 0, such
that u is the unique solution of (1.5) in C([0, T (u0)], L
3(R3)) ∩ L∞loc((0, T (u0)], L∞(R3)).
We set
t0 = inf{t ∈ [0, T (u0)),∃ ξ ; û(ξ, t) < 0}.
We must have t0 > 0 by constructing a local solution by fixed point. Then, ∀ 0 ≤ t < t0
and by continuity of the positive function (ξ, t) → û(ξ, t), we have û(ξ, t0) ≥ 0. But the
Cauchy’s problem with û0 = û(ξ, t0) has a solution v in [t0, t0+α) (α > 0), obtainable by
fixed point as:
v̂(ξ, t) = e−t|ξ|
2
û(ξ, t0) +
∫ t
0
v̂ ∗ v̂ ∗ v̂(ξ, s) ds,
then v̂(s, ξ) > 0, with s ∈ [t0, t0+α). Also, by the uniqueness of solution in C([0, T (u0)), L3(R3))∩
L∞loc([0, T (u0)], L
∞(R3)), this solution coincides with u dans [t0, t0+α). Then there exists
α > 0 such that, û ≥ 0 in [0, t0 + α). This is absurd by the maximality of t0.
Remark 4.3. In [24], Miao, Yuan and Zhang have generalized this result. They studied
the Cauchy problem for the nonlinear heat equation (1.1) in homogeneous Besov spaces
B˙s,pr (Rn), with s < 0. . The non-linear estimation is established by means of trichotomy
Littlewood-Paley and is used to prove the global existence of the solutions for small initial
data in the homogeneous Besov space B˙s,pr (Rn) and with s =
n
p − 2b , with b > 0. In
particular, when r = ∞ and when the initial data u0 satisfies λ 2bu0(λx) = u0(x) for all
λ > 0,, the main result in [24] leads to the global existence of self-similar solutions of the
problem (1.1).
5. Proof of main Theorem and some comments
Our demonstration of the explosion in finite time for the solution of (1.5) is based on
the construction of a suitable initial condition u0 ∈ S(R3): the corresponding solution
satisfies u(t, ·) ∈ L1(R) for t ∈ [0, T ∗] by Remark 2.2, then, we use the Fourier transform
û(ξ, t) of the solution and under certain conditions, we show the finite blow-up of û(·, t)
in L∞(R3). This fact implies the finite time blow-up of u(x, t) in L1(R3).
There are many blowup results based on the maximum principle but to our knowledge,
our blow-up criterion of the solution of (1.5) is the only one that uses the positivity of the
Fourier transform inherited from its initial condition u0.
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Now, we are going to formulate a useful lemma for the construction of the initial condition
u0,N that allows us to demonstrate the main Theorem 3.2.
Lemma 5.1. Let δ > 0 and w be a tempered Schwartz function S(R3), such that ŵ(ξ) ≥
0 ∀ξ and ŵ(ξ) is an even function. Also assume that the support of ŵ is in B1(0). Let
wk = w
3k and αk(t) = 3
3
2
+k− 3k+1
2 c
1
2
(3k−1)
δ e
−3kt
1t≥tk , where t0 = 0, tk = 4δ
∑k
j=1 3
−2j ,
cδ = 1 − e−4δ and 1t≥tk is the Indicator function of the interval [tk, t]. Then, if u is the
solution of (1.6) with initial condition u0(x) ∈ L3(R3) such that û0(ξ, t) ≥ Aŵ with A > 0,
then
û ≥ A3kαk(t) ŵk(ξ) ∀k ≥ 0.
Proof. Using Fourier transform, we have that (1.6) becomes
û(ξ, t) = e−t|ξ|
2
û0(ξ) +
∫ t
0
e(s−t)|ξ|
2
û(s, ξ) ∗ û(s, ξ) ∗ û(s, ξ) ds(5.1)
We start with the case k = 0: e−t|ξ|
2
û0(ξ) > 0 because û0(ξ) ≥ Aŵ(ξ) > 0. Then, as
û(ξ, t) ≥ 0, using that supp ŵ ⊂ {|ξ| ≤ 1}, we get
û(ξ, t) ≥ e−t|ξ|2 û0(ξ) ≥ e−t|ξ|
2
Aŵ(ξ) ≥ A e−tŵ(ξ) ∀t > 0.(5.2)
Suppose that our desired inequality holds for k − 1. Then we get, for all t ≥ tk:
û(ξ, t) ≥
∫ t
0
e(s−t)|ξ|
2
û(s, ξ) ∗ û(s, ξ) ∗ û(s, ξ) ds
≥
∫ t
0
e(s−t)|ξ|
2
(A3
k−1
αk−1(s))3ŵk−1 ∗ ŵk−1 ∗ ŵk−1(ξ) ds
= A3
k
ŵk(ξ)
∫ t
0
e(s−t)|ξ|
2
α3k−1(s) ds
≥ A3k ŵk(ξ) 3
3
2
+3k− 3k+1
2 c
1
2
(3k−3)
δ
∫ t
tk−1
e−3
kse3
2k(s−t) ds
≥ A3k ŵk(ξ) 3
3
2
+3k− 3k+1
2 c
1
2
(3k−3)
δ e
−3kt
∫ t
tk−1
e3
2k(s−t) ds
≥ A3k ŵk(ξ) 3
3
2
+3k− 3k+1
2 c
1
2
(3k−3)
δ e
−3kt 3−2k cδ
≥ A3k ŵk(ξ) 3
3
2
+k− 3k+1
2 c
1
2
(3k−1)
δ e
−3kt
= A3
k
αk(t) ŵk(ξ).
because t ≥ tk, with tk− tk−1 ≥ 3−2k 4δ, then 1−e32k(tk−1−t) ≥ cδ. Our claim now follows
by induction. 
Next lemma provides a first blowup result for equation (1.6).
Lemma 5.2. Let δ > 0 and w ∈ S(R3) (w 6= 0) be a Schwartz function such that ŵ(ξ) ≥
0 ∀ξ and ŵ(ξ) is an even function. Also assume that the support of ŵ is in B1(0). Let
u0 ≥ Aw, with A ≥ 3
3
2 c
−1
2
δ e
δ
2
‖ŵ‖L1 , with cδ = (1− e
−4δ). If u is the unique Weissler’s solution
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of (1.6) arising from u0 and belonging to C([0, T
∗], L3(R3)) ∩ L∞loc((0, T ∗], L∞(R3)), then
T ∗ ≤ δ2 .
Proof. Assuming T ∗ > δ2 (otherwise the conclusion readily follows), applying Lemma 5.1,
and using that tk ↑ δ2 as k → +∞, we get:
sup
0≤t≤ δ
2
‖u(t, ·)‖L1 = sup
0≤t≤ δ
2
‖û(t, ·)‖L∞
≤ sup
k∈N
A3
k
33/2+k−
3
k+1
2 e−3
kδ/2 ‖ŵ‖3kL1 .
In the first equality we used the positivity of û(t, ·). It is clear that the right-hand side is
infinite if A ≥ 33/2c
−1/2
δ e
δ/2
‖ŵ‖L1 . The conclusion then follows by Remark 4.2. 
Remark 5.3. The blowup result of Lemma 5.2 does not immediately imply Theorem 3.2,
because in this Lemma the condition ‖u0‖
B˙
− 2
3
,q
9
≤ δ is not satisfied.
In the last part, we will prove the main theorem of our article.
Proof. Theorem 3.2
Let δ > 0 fixed and w ∈ S(R3) such that ŵ 6= 0 and ŵ(ξ) ≥ 0 ∀ξ. Also assume that ŵ is
an even function and its support is in B 1
6
(16e1). On the another hand, let u0,N ∈ S(R3),
defined as
u0,N (x) = ǫN
N∑
k=1
22/3 k ηk cos((2
k − 1)x1) w(x) where ηk = k−1/3 and ǫN = 1/ log(log(N)),
with N ∈ N. Then, by the Theorem 2.1, there is T ∗N > 0 and a unique solution uN (x, t)
to (1.5) arising from u0,N (x) such that uN ∈ C([0, T ∗N ), L3(R3)) ∩ L∞loc(]0, T ∗N ], L∞(R3)).
Moreover, we can see that (ηk)k∈N 6∈ ℓ3, but (ηk)k∈N ∈ ℓq, with q > 3 and that ǫN
slowly converges to 0. We do the Littlewood-Paley analysis observing that ∆j(cos(2
k −
1x1)w(x)) = 0 for all j ∈ Z and k = 1, .., N , except when j and k are of the same order.
Then, we get
∆ju0 =

ǫN 2
2/3 j ηj w(x) cos((2
j − 1)x1) j = 0, 1, ..., N
0 otherwise
Thus, if q > 3 we get
‖u0,N‖
B˙
− 2
3
,q
9
≃ ǫN
∑
j∈Z
2−
2
3
qj ‖∆j u0,N‖q9
 1q ≃ ǫN
 N∑
j=1
2−
2
3
qj+ 2
3
qjηqj
∥∥w(x) cos((2j − 1)x1)∥∥q9
 1q
≤ ǫN
 N∑
j=1
ηqj ‖w(x)‖q9
 1q = ǫN ‖w(x)‖9
 N∑
j=1
ηqj
 1q −→ 0 when N → +∞.
Thus, for all q > 3 fixed, there exists N∗ ∈ N such that
‖u0,N∗‖
B˙
− 2
3
,q
9
≤ δ.
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If the lifetime T ∗N∗ of the solution of (1.5) arising from u0,N∗ is less than δ, then there is
nothing to prove. Therefore, we can assume T ∗N∗ ≥ δ. To simplify the notation, from now
on we set we call N∗ = N . By Remark 4.2, we have ûN (t, ξ) ≥ 0 ∀t ∈ [0, T ∗N ]. Thus, if
0 < t ≤ T ∗N , we get
ûN (t, ξ) = e
−t|ξ|2 û0,N (ξ) +
∫ t
0
e−(t−s)|ξ|
2
[ûN ∗ ûN ∗ ûN (·, s)](ξ) ds ≥ e−t|ξ|
2
û0,N (ξ)
= ǫN
(
N∑
k=1
2
2
3
k ηk e
−t|ξ|2 1
2
(ŵ(ξ + (2k − 1)e1) + ŵ(ξ − (2k − 1)e1))
)
≥ ǫN
(
N∑
k=1
2
2
3
k−1 ηk e−t 2
2k
(ŵ(ξ + (2k − 1)e1) + ŵ(ξ − (2k − 1)e1))
)
.
We have
[ûN ∗ ûN ∗ ûN (·, s)](ξ) ≥ ǫN
(
N−1∑
k=0
2
2
3
k− 1
3 ηk+1 e
−s22k+2ŵ(ξ + (2k+1 − 1)e1)
)
∗ ǫN
(
N∑
k=1
2
2
3
k−1 ηk e−s2
2k
ŵ(ξ − (2k − 1)e1)
)
∗ ǫN
(
N∑
k=1
2
2
3
k−1ηk e−s2
2k
ŵ(ξ − (2k − 1)e1)
)
≥ ǫ3N
(
N−1∑
k=1
2
2
3
k− 1
3
+2( 2k
3
−1)e−s(2
2k+2+22k+22k) η2k ηk+1
)
ŵ ∗ ŵ ∗ ŵ(ξ + e1).
Observe that ŵ ∗ ŵ ∗ ŵ(·+ e1) is supported by B1(0). We have
ûN (t, ξ) ≥
∫ t
0
e−(t−s)|ξ|
2
[û ∗ û ∗ û(·, s)](ξ) ds
≥ ǫ3N
∫ t
0
e−(t−s)
(
N−1∑
k=1
22k−
7
3 e−s(3.2
2k+1)η2k ηk+1
)
(ŵ ∗ ŵ ∗ ŵ)(ξ + e1) ds
=
(
ǫ3N
N−1∑
k=1
22k−
7
3 η2k ηk+1e
−t
∫ t
0
e(1−3.2
2k+1)s ds
)
(ŵ ∗ ŵ ∗ ŵ)(ξ + e1)
=
(
ǫ3N
N−1∑
k=1
22k−
7
3
3.22k+1 − 1 η
2
k ηk+1 e
−t(1− et(1−3.22k+1) )
)
(ŵ ∗ ŵ ∗ ŵ)(ξ + e1).
Choose t = δ2 . Therefore, if we call τN > 0 as
τN = ǫ
3
N
N−1∑
k=1
22k−
7
3
3.22k+1 − 1 η
2
k ηk+1e
−2δ(1− e δ2 (1−3.22k+1)),
we get ∥∥∥∥ûN (δ2 , ·
)∥∥∥∥
L1
≥ τN ‖ŵ‖3L1(5.3)
12 FERNANDO CORTEZ
On the other hand, we consider the Cauchy problem (1.5) with initial data uN
(
δ
2
, x
)
.
Now we apply Lemma 5.2 with the new initial data uN
(
δ
2
, x
)
instead of u0. Moreover
as TN → +∞ as N → +∞, if N ∈ N is chosen large enough, then all the assumption of
this Lemma are satisfied and therefore T ∗N ≤ δ. 
Remark 5.4. With our choice of initial data u0,N we have
‖u0,N‖
B˙
− 2
3
,3
9
≤ ǫN ‖w(x)‖9
 N∑
j=1
η3j
 13 −→ +∞.
and
N∑
k=1
η3k ∼ logN when N → +∞.
Therefore, our initial condition in Theorem 3.2 has the defect that is not in arbitrarily
small in B˙
− 2
3
,3
9 . We leave open the following question: a smallness condition on u0 in
B˙
− 2
3
,3
9 does it imply the existence of a global solution or not ?. However Theorem 3.2
shows the optimality of the assumption p < 9 in the global existence Theorem 3.1.
On a related subject, Pierre-Gilles Lemarie´ Rieusset dans [21] studied the parabolic
semi-linear equations on (0,∞)× Rn of type
∂tu− (−∆)
α
2 u = (−∆)β2 u2,
where 0 < α < n + 2β and 0 < β < α. Actually Lemarie´-Rieusset worked on a more
general quadratic nonlinearity that (−∆)β2 u2. He showed similar results to ours when
β < α2 .
Acknowledgement
This work is supported by the Secretar´ıa Nacional de Educacio´n Superior, Ciencia,
Tecnolog´ıa e Innovacion´ del Ecuador (SENESCYT).
References
[1] JM Ball, Remarks on blow-up and nonexistence theorems for nonlinear evolution equations., The Quar-
terly Journal of Mathematics 28 (1977), no. 4, 473–486.
[2] Bandle C. and Levine H., Fujita type results for convective-like reaction diffusion equations in exterior
domains, ZAMP 40 (1989), no. 5, 665–676.
[3] , On the existence and nonexistence of global solutions of reaction-diffusion equations in sectorial
domains, Trans. Am. Math. Soc. 316 (1989), no. 2, 595–622.
[4] J. Bourgain and N. Pavlovic´, Ill-posedness of the Navier–Stokes equations in a critical space in 3D,
Journal of Functional Analysis 255 (2008), no. 9, 2233–2247.
[5] Brezis H. and Cazenave T., A nonlinear heat equation with singular initial data, Journal D’Analyse
Mathematique 68 (1996), no. 1, 277–304.
[6] Cannone. M., Harmonic analysis tools for solving the incompressible Navier-Stokes equations., Wavelets,
paraproducts and Navier-Stokes With a preface by Yves Meyer., 1995.
[7] , Harmonic analysis tools for solving the incompressible Navier-Stokes equations., Handbook of
mathematical fluid dynamics. Vol. III, 2004, pp. 161-244.
THE CUBIC HEAT EQUATION 13
[8] M. A. Ebde and H. Zaag, Construction and stability of a blow up solution for a nonlinear heat equation
with a gradient term, SeMA Journal 55 (2011), no. 1, 5–21.
[9] Friedman. A, Remarks on nonlinear parabolic equations., Proc. Sympos. Appl. Math Vol. XVII
(1965), no. 17, 3–23.
[10] , Partial differential equations, Robert E. Krieger Publishing Co Vol. XVII (1976), 3–23.
[11] Fujita. H, On the blowing up of solutions of the Cauchy problem for ut = ∆u+ u
1+α, Journal of the
Faculty of Science of the University of Tokyo 13 (1966), 109–124.
[12] Fujita H., On some nonexistence and nonuniqueness theorems for nonlinear parabolic equations, Proc.
Symp. Pure Math. XVII Am. Math. Soc. 18 (1970), 105–113.
[13] Furioli. G, Lemarie´-Rieusset. P. G., and Terraneo. E., Unicite´ dans L3(R3) et d’autres espaces fonc-
tionnels limites pour Navier-Stokes., Rev. Mat. Iberoamericana 16 (2000), 605-667.
[14] V. Galaktionov, S. Kurdyumov, and A. Samarski˘ı, On approximate self-similar solutions of a class of
quasilinear heat equations with a source, Mathematics of the USSR-Sbornik 52 (1984), no. 1, 163-188.
[15] V. Galaktionov, S. Kurdyumov, P. Mikhailov, and A. Samarskii, Blow-Up in Quasilinear Parabolic
Equations, SIAM Review 38 (1996), no. 4, 692-694.
[16] P. Groisman, J. Rossi, and H. Zaag, On the dependence of the blow-up time with respect to the initial
data in a semilinear parabolic problem (2003).
[17] Haraux A. and Weissler F., Non-uniqueness for a semilinear initial value problem, Indiana University
Mathematics Journal 31 (1982), no. 2, 167–189.
[18] Hayakawa K., On nonexistence of global solutions of some semilinear parabolic differential equations,
Proceedings of the Japan Academy 49 (1973), no. 7, 503–505.
[19] Henry D., Geometric theory of semilinear parabolic equations. 840 (1985).
[20] S. Khenissy, Y Rebai, and H. Zaag, Continuity of the blow-up profile with respect to initial data and to
the blow-up point for a semilinear heat equation., Ann. Inst. H. Poincare´ Anal. Non Line´aire 28 (2011),
no. 1, 1–26.
[21] Lemarie´-Rieusset P. G., Sobolev multipliers, maximal functions and parabolic equations with a qua-
dratic nonlinearity., Preprint, Univ. Evry (2013).
[22] H. A. Levine and Q. S. Zhang, The critical Fujita number for a semilinear heat equation in exterior
domains with homogeneous Neumann boundary values, Proceedings of the Royal Society of Edinburgh:
Section A Mathematics 130 (2000), no. 12, 591–602.
[23] Y. Meyer, Oscillating Patterns in Some Nonlinear Evolution Equations, Mathematical Foundation of
Turbulent Viscous Flows, 2006, pp. 101-187.
[24] Miao C., Yuan B., and Zhang B., Strong solutions to the nonlinear heat equation in homogeneous
Besov spaces., Nonlinear Analysis: Theory, Methods Applications 67 (2007), no. 5, 1329–1343.
[25] Stephen Montgomery-Smith, Finite time blow up for a Navier-Stokes like equation, Proceedings of the
American Mathematical Society 129 (2001), no. 10, 3025–3029.
[26] Rault J-F., The Fujita phenomenon in exterior domains under the Robin boundary conditions,
Comptes Rendus Mathe´matique 349 (2011), no. 19, 1059–1061.
[27] P. Souplet, Uniform blow-up profiles and boundary behavior for diffusion equations with nonlocal non-
linear source, Journal of Differential Equations 153 (1999), no. 2, 374–406.
[28] Suzuki R., Critical Blow-Up for Quasilinear Parabolic Equations in Exterior Domains, Tokyo Journal
of Mathematics 12 (1996), no. 2, 397–409.
[29] Elide Terraneo, Non-uniqueness for a critical non-linear heat equation, Proceedings of the American
Mathematical Society (2002).
[30] J. L. Vazquez and E. Zuazua, The Hardy inequality and the asymptotic behaviour of the heat equation
with an inverse-square potential, Journal of Functional Analysis 173 (2000), no. 1, 103–153.
[31] F. Vigneron, Spatial decay of the velocity field of an incompressible viscous fluid in Rd, Nonlinear
Analysis: Theory, Methods and Applications 63 (2005), no. 4, 525–549.
[32] Wayne C., Infinite dimensional dynamical systems and the Navier-Stokes equation, Hamiltonian Dy-
namical Systems and Applications, 2008, pp. 103-141.
14 FERNANDO CORTEZ
[33] Fred B Weissler, Local existence and nonexistence for semilinear parabolic equations in Lp, Indiana
Univ. Math. J. 29 (1980), 79-102.
[34] , Existence and non-existence of global solutions for a semilinear heat equation, Israel Journal
of Mathematics 38 (1981), no. 1-2, 29–40.
[35] Yoneda T., Ill-posedness of the 3D-Navier-Stokes equations in a generalized Besov space near., Journal
of Functional Analysis 258 (2010), no. 10, 3376–3387.
Universite´ de Lyon, Universite´ Lyon 1, CNRS UMR 5208 Institut Camille Jordan, 43 bd.
du 11 novembre, Villeurbanne Cedex F-69622, France.
E-mail address: cortez@math.univ-lyon1.fr
URL: http://math.univ-lyon1.fr/∼cortez
